In most thermal coalbed methane production practices, the average single well production is low and the economic benefit is low. In order to improve the production of thermal coalbed methane, this paper presents a dual diagnosis method for fracture morphology of thermal coalbed methane reservoir to improve hydraulic fracturing effect. The study is carried out as follows: firstly, improved log-log curve method to adapt to coal seam fracturing construction, secondly, establish the inclined stress calculation model of coal seam to obtain the critical depth value, and finally, combine the improved log-log method and critical depth method to form a dual diagnosis approach. Take Baiyang River in Xinjiang as an example, obtain the traffic, rock mechanics and other parameters suitable for the Baiyang River block, the fracture morphology is verified by fracturing data. The experimental results show that the approach can diagnose fracture morphology accurately.
Introduction
Some coal seam is well known for its three low characteristics: low permeability, low reservoir pressure, and low gas saturation [1] . Hydraulic fracturing transformation technology is an effective method for increasing thermal coalbed methane (CBM) production [2] . However, the low average single well output has become a major bottleneck for the development of thermal CBM industry in China. Therefore, how to increase the single well output and improve the development benefit is a technical issue which needs to be unraveled for the sound development of CBM industry of China [3] .
Morphology of fracturing fracture is the core for CBM well fracturing to increase yield. In the process of fracturing, fracture type is directly related to the fracturing effect. Hydraulic fracturing may produce vertical fractures, horizontal fractures and complex fractures. In order to get the expected effect, diagnose the morphology of fracture accurately and selecting reasonable fracturing technology is needed.
The domestic and foreign scholars have carried out extensive research on the method of judging fracture morphology. The PKN model [4, 5] is applicable to long fractures of limited height with an elliptical vertical cross-section. The KGD model [6, 7] , which is generally used for short fractures with a plane strain assumption. The radial model is most appropriate when the total length is approximately equal to the height. The log-log slope of different types of net pressure and time can explain the types of various fractures and its extension modes. According to the log-log diagram of bottom net pressure and time, the relationship will be linear and the slope is e, different models correspond to different straight lines. Therefore, according to the different slope values of the line, it is possible to diagnose the fracture belongs to which model. The classic fracturing pressure analysis technology method is easy to operate, but this technique is not applicable to the interpretation of CBM fracturing data.
Another method is through calculation of crustal stress to diagnose. The HBC first proposed a fracture morphology judgment model based on the minimum critical pressure of aperture walls in vertical fracture. Huang sums up the previous formulas for the determination of vertical fractures and horizontal fractures. However, these studies have not consider coal seam with dip angle and the complex fractures such as T-type fracture.
In summary, although many scholars have conducted the research on the hydraulic fracture morphology, but few scholars consider the fracture morphology in inclined coal seam. This paper presents a dual diagnosis method of coal seam fracture morphology by combining the log-log method and critical depth method. A computer program has been coded. Well test data from one northwest China Basin, which include all parameters needed in work, prove that the model established in this paper is reasonable and feasible.
Methodology

Fracture diagnostics from log-log method
The slopes in the log-log relations of net pressure vs. time, are characteristic of various types of fracture geometries and modes of propagation. The types of slopes and associated interpretations for vertical fractures are listed in tab. 1. This table, in conjunction with the interpretation plot in fig. 1 shows that the loglog plot with its characteristic slopes.
The classic fracturing pressure analysis technology method is not applicable to the interpretation of CBM fracturing data. This paper improve the classical log-log method to suit the coal seam fracturing.
The net pressure is defined as the difference between the bottom hole pressure and the closing pressure, while the closing pressure is equal to the minimum principal stress of the fracturing layer.
The net pressure equation:
The formula does not take into account the friction of the hole, because when the number of perforations is large or the diameter 
of the perforation hole is large, the hole friction resistance is close to 0, the field is almost satisfied.
For the fracturing of coal bed gas well commonly used 5.5" casing. The formula for friction coefficient:
The formula is only suitable for pure fracturing fluid, so modify the formula for the friction coefficient of sand mixing fluid is needed. After analyzing the field data of fracturing, friction coefficient corrected by polynomial fitting:
According to the deduction and verification, get the range of KGD model, radial model and PKN model in coal seam fracturing, as tab. 2 shows.
At present, coal seam fracturing often adopts two kinds of fracturing fluid system, namely active water and clean fracturing fluid. The flow index of the activity of water was 1, for the clean fracturing fluid, which belongs to the viscoelastic fracturing liquid, it cannot be simply characterized by flow index. If the fracturing fluid is active water, the log-log slope of KGD model ranges from -1/3 to -1/4, the loglog slope of radial model ranges from -1/3 to -3/16, the log-log slope of PKN model ranges from 1/8 to 1/5.
In view of the models have overlap, according to onshore vertical well hydraulic fracturing methods, the shut-in pressure, P c , is considered to be equal to the minimum horizontal principal stress, σ h . So this paper introduce the concept of net overburden pressure:
In fracturing construction, the morphology of fracture can be judge by the positive and negative values of net overburden pressure. Combined log-log curve of net pressure and time, if logσ ¯ ≤ logσ, the fracture morphology is horizontal fracture; if logσ ¯ > logσ, the fracture morphology is vertical fracture. If the front part of the curve is logσ ¯ > logσ, the posterior part of the curve is logσ ¯ < logσ, the fracture morphology is T-type fracture. The interpretation of log-log method for coal seam as shown in tab. 3. n n e n n < < − + + Table 3 
. Interpretation of log-log method for coal seam
Log-log slope logσ -logσ ¯Interpretation
Horizontal fracture (radial model)
Horizontal fracture (radial model) Fracture diagnostics from critical depth method Three directions stress (vertical stress, horizontal minimum principal stress and maximum horizontal principal stress) of inclined coal strata can be calculated:
Vertical fracture fracturing pressure calculation formula (not considering filtration):
Horizontal fracture fracturing pressure calculation formula (not considering filtration):
Let the horizontal fracture fracturing pressure is equal to the vertical fracture fracturing pressure to calculate critical depth value.
Example of dual diagnosis method for fracture morphology of thermal coalbed reservoir
Taking Baiyang River block as an example to calculate and diagnose the fracture morphology, the process is shown in fig. 2 .
Log-log method
In this part, 42 layer in 11 well, 41 layer in 26 well, and 42 layer in 47 well are selected to calculate and diagnose the fracture morphology on the compiled computer program.
The average depth of the 39 layer in 11 well is 650 m, use active water in the whole process, the total amount is 1215 m 3 , quartz sand is 52 m 3 , sand ratio is 6.16%, working pressure is during 26.9-42.24 Mpa, Fracturing pressure is 36.78 MPa, sand displacement is 8.5 m 3 per minute. The fracturing construction curve diagram and the log-log diagram of the 39 layer in No. 11 well are shown in fig. 3 . As illustrated in fig. 3 , the fracture morphology of 39 layer in No. 11 well is horizontal fracture.
The average depth of 42 layer in 26 well is 750 m, use active water in the whole process, fig. 4 . As illustrated in fig. 4 , the fracture morphology of 42 layer in No. 26 well is vertical fracture.
The average depth of 41 layer in 47 well is 690 m, use active water in the whole process, the total amount is 924 m 3 , quartz sand is 48 m 3 , sand ratio is 9.46%, working pressure is during 18.51-34.63 MPa, Fracturing pressure is 34.63 MPa, sand displacement is 7 m 3 per minute. The fracturing construction curve diagram and the log-log diagram of the 41 layer in No. 47 well are shown in fig. 5 . As illustrated in fig. 5 , the fracture morphology of 41 layer in No. 47 well is T-type fracture. 
Critical depth method
In this work, the 42 layer in 26 well is selected as an example to explain the calculation process in detail. Calculation of rock mechanical parameters and physical and mechanical properties by using acoustic logging data, some of them are listed in tab. 4.
Obtain conversion parameters of dynamic and static by means of linear regression, the dynamic and static Young's modulus conversion equation: Compare the results of the log-log method and critical depth method, the fracture morphology of 39 layer in No. 11 well and 42 layer in No. 26 well are consistent. The fracture morphology of 41 layer in No. 47 is T-type fracture by log-log method, it presents vertical fracture by critical method, consider the limitation of the critical depth method, this paper diagnose that the fracture morphology of 41 layer in 47 well is T-type fracture. 
Experimental analysis
In this part, collect monitoring results for verification. The fracture monitoring results are shown in figs 6-8. As shown in fig. 6 , the fracture monitoring result of the 39 layer in No. 11 well is horizontal fracture. As shown in fig. 7 , the fracture monitoring result of the 42 layer in No. 26 well is vertical fracture. As shown in fig.  8 , the fracture monitoring result of the 41 layer in No. 47 well is T-type fracture. The monitoring results are consistent with the results of dual diagnosis approach.
In order to analyze the accuracy of the dual diagnosis approach, collect the monitoring results of fracture in target layer. The results are shown in tab. 5. Table 5 shows that the 39 layer in No. 47 well and 39 layer in No. 50 are inconsistent, the coincidence rate is 83.3%. 
R E T R A C T E D
In the previous analysis, the approach can diagnose fracture morphology for coal seam fracturing accurately. The fracture monitoring result is accurate, but the cost is very expensive. So the approach can reduce the cost of the process to diagnose fracture morphology in coal seam fracturing. 
Conclusions
y The classical fracturing pressure analysis method is simple and easy to operate, but not applicable to the interpretation of CBM fracturing data. According to the deduction and verification, modify the friction coefficient of thermal coalbed methane fracturing, get the range of KGD model, radial model and PKN model in coal seam fracturing, improve the classical log-log method to suit the coal seam fracturing. y The principal stress model is not suit for inclined coal seam, improve the critical depth method to suit inclined coal seam. y Combine the improved log-log method and critical depth method to form a dual diagnosis approach, the improved log-log method and critical depth method verify each other and complement each other, so that the dual diagnosis method can be used to diagnosis the fracture morphology effectively. y Applied the dual diagnosis method to Baiyang River block of Xinjiang, China, the diagnosis results are compared with the results of micro-seismic monitoring, the coincidence rate is 83.3%, which proves the correctness and practicability of this approach. Compared to micro-seismic monitoring, it can reduce the cost of the process to diagnose fracture morphology in coal seam fracturing. 
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